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MULTIPLEJHIOOSOESS^ O XIDE F ORI MED BY OXYGE N 

IMPLANTATION 



BACKGROUND OF THE INVENTION 
The present invention relates to the manufacture of electronic devices, 
10 particularly semiconductor devices, such as logic circuits, memory circuits, and/or 
. combinations thereof 

Electronic devices are being made that combine various types of circuits 
on a single chip of semiconductor material. For example, devices are being made that 
combine logic circuits with memory arrays, or various types of memory, so that higher 
15 functionaHty can be achieved on a single chip. This type of integration often provides 
lower cost, smaller size and improved reliability compared to achieving the same 
functionality with a number of different chips wired together. Unfortunately, it can be 
difficult to integrate the manufacture of one type of circuit with another on a single chip. 

Different types of circuits might have different types of devices that 
20 require different voltage inputs, and that have different thickness of gate oxide. For 
example, a logic field-effect transistor ("FET') might have a different gate oxide 
thickness than an electronically erasable-programmable read only memory cell, or than a 
dynamic read-addressable memory ("DRAM") cell. It is generally desirable to make all 
the gate oxides for all the devices on the chip in a single process step; therefore, it may be 
25 necessary to make the gate oxide in some regions thinner than the gate oxide in other 
regions. 

A technique has been used to vary the thickness of an oxide layer grown 
on a silicon wafer during a oxide growth process by implanting nitrogen into selected 
regions of the silicon. The implanted nitrogen retards the growth of silicon oxide, 
30 resulting in a gate oxide of diminished thickness where the nitrogen was implanted. 

However, implanting nitrogen can degrade the resultant quality of the gate oxide. Gate 
oxide quality is especially important, compared to an inter-metal dielectric layer, for 
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example, because of the electric field gradients a gate oxide must withstand and the low 
current leakage that is generally desired for good device performance. The quality of the 
gate oxide becomes even more important as device geometry and operating voltages 
shrink, both of which are associated with thiimer gate oxides. 

Therefore, it is desirable to fabricate an electronic device die with multiple 
thicknesses of gate oxide, and it is further desirable to be able to fabricate gate oxides of 
superior quality, especially thin gate oxides. 

SUMMARY OF THE INVENTION 
According to the present invention a multiple-thickness oxide layer may be 
grown by implanting oxygen into selected regions of a substrate where a thicker oxide 
layer is desired. In one embodiment, oxygen is implanted into selected regions of a 
silicon substrate through a thin sacrificial layer at an energy between about 10-30 keV, 
The sacrificial layer reduces implantation damage to the underlying silicon, and is 
stripped prior to thermal oxidation of the substrate, and the resulting oxide layer has 
multiple thickness and is of high quality and is suitable for a gate dielectric, for example. 

In another embodiment, a polysilicon layer between about 1,000-5,000 A 
thick is deposited over a gate oxide prior to implanting oxygen into selected regions of 
the silicon substrate. The implant energy is chosen according to the thickness of the 
polysilicon layer to place the peak of the oxygen profile just above the gate oxide. The 
substrate is then annealed in a nitrogen ambient at a temperature of about 900 °C for 
about 30 minutes to grow a thicker oxide in the regions that were implanted with oxygen. 

Implanting oxygen to increase oxide thickness can provide a differential 
thickness of about 5-20 A for implant doses of between about 5E15/cm^-lE16/cm^. 
Unlike nitrogen implantation techniques, where the thickness differential is highly 
sensitive to the thickness of the oxide, the present invention provides a differential 
thickness that is less sensitive to the oxide thickness. Additionally, the oxygen-implanted 
oxides exhibit superior reliability to nitrogen-implanted oxides, and even non-implanted 
oxides. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1 A-IC are simplified cross sections of a semiconductor die 
illustrating a fabrication sequence resulting in multiple oxide thicknesses using an oxygen 
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implant performed prior to gate oxidation, according to an embodiment of the present 
invention; 

Figs. ID-IF are simplified cross sections of a semiconductor die 
illustrating a fabrication sequence resulting in multiple oxide thicknesses using an oxygen 
5 implant performed after a polysilicon deposition, according to another embodiment of the 
present invention; 

Fig. 2 is a graph illustrating the oxide thickness differential between 
implanted and unimplanted regions for oxygen implants and nitrogen implants versus 
unimplanted oxide thickness; 
10 Fig. 3 is a graph illustrating the tunneling current characteristics of gate 

oxides formed in accordance with the fabrication sequence illustrated in Figs. 1 A-IC and 
an unimplanted gate oxide; 

Fig. 4 is a graph showing the capacitance versus gate voltage for the 
samples shown in Fig. 3; 
15 Fig. 5 is a graph illustrating the tunneling current characteristics of gate 

oxides formed in accordance with the fabrication sequence illustrated in Figs, ID-lF and 
an unimplanted gate oxide; 

Fig. 6 is a graph showing the capacitance versus gate voltage for the 
samples shown in Fig. 5; 
20 Fig. 7 is a graph of drain current versus gate voltage for various oxide 

layers at various drain bias voltages; 

Fig. 8 is a graph of charge-to-breakdown versus stress current for 
relatively thin oxide layers fabricated with nitrogen implant technology and for oxide 
layers fabricated with oxygen implant technology of comparable thicknesses; 
25 Fig. 9 is a graph of charge-to-breakdown versus stress current for 

relatively thick oxide layers fabricated with nitrogen implant technology and for oxide 
layers fabricated with oxygen implant technology of comparable thicknesses; 

Fig, 10 is a bar chart of charge-to-breakdown at a constant stress current 
density for oxides of various thicknesses made using a nitrogen implantation method, 
30 oxygen implantation methods, and no implantation; 

Fig. 11 is a graph of drain current degradation versus injected charge for 
oxide layers of comparable thickness using a nitrogen implantation technique, an oxygen 
implantation technique, and no implant. 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
As noted above, the present invention provides an improved multiple- 
thickness gate oxide for transistors on a single semiconductor die. 
5 Figs. 1 A-IC and Figs. ID- IE illustrate steps for two embodiments of the 

invention in forming multiple gate oxide thicknesses. In Fig. 1 A a silicon substrate 10 
has a layer of LOCOS silicon oxide 12 on a surface with a layer of photoresist formed 
over a portion of oxide 12 to limit implantation of oxygen at 16. Thereafter, in Fig. IB 
the photoresist and thin LOCOS oxide are striped, and in Fig. IC gate oxide, Toxi and 
10 Tox2, are grown on the surface. Tox2 over the heavier implanted oxygen is thicker than 
Toxi over the lighter implanted (or non-implanted) oxygen. Gate oxidation is carried out 
' at SOO'^C followed by a two hour anneal at 500°C. Source and drain anneal is carried out 
later at 900^C for 30 minutes. 

The steps in the second embodiment illustrated in Figs. ID- IF are similar 
15 to the steps in the first embodiment, but the oxygen implant 16 is after the polysilicon 
gate 18 deposition to prevent damage and contamination of the substrate. Again, 
photoresist 14 is utilized to vary or prevent the oxygen implant. 

Previous studies of forming thicker gate oxides using large implant dose of 
oxygen (-10^^ - 2x10^^ cm"^) have shown that severe damage occurs in the substrate, 
20 casting oxygen implant as an unsuitable technique for forming gate oxides. Due to the 
scaling of the gate oxide, however, the thickness differentials in today's embedded 
circuits is less than 5 nm as illustrated in the following table: 



Circuit 


Gate Voltage 


Gate Oxide Thickness 


Logic 


1.5 V 


30 A 


I/O 


2.5 V 


50 A 


DRAM 


2.0 V 


40 A 


EEPROM 


-8 V 


80 A 



25 Fig. 2 is a graph illustrating oxide thickness without implant and the 

resulting oxide thicknesses with oxygen implant and with nitrogen implant. Fig. 2 shows 
that the oxide thickness differential created with a nitrogen implant strongly depends on 
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the unimplanted oxide thickness. In contrast, the thickness differential is independent of 
the unimplanted Tox when the oxygen implant is used. 

Fig. 3 plots gate voltage (V) versus gate current (A/cm^) and illustrates the 
tunneling current characteristics for the gate oxide formed with oxygen implant using the 
process of Figs. 1 A-IC. The physical thicknesses were extracted by comparing the 
measured current with the theoretical tunneling current and were confirmed by pairing the 
measured high frequency CV data with simulated results from a 1-D self-consistent 
Shrodinger and Poisson equations solver, as illustrated in Fig. 4. It was found that as the 
oxygen implant dose increases, the substrate doping level and thus |fJ also rises as a 
result of thermal donor generation from excess oxygen in the substrate. This effect can be 
eliminated by optimizing the anneal steps. Figs. 5 and 6 are similar to Figs. 3 and 4 and 
show that similar increases in oxide thickness are also achieved with oxygen implanted 
after polysilicon deposition. The good agreement of the measured IV and CV data with 
theory in Figs. 3-6 demonstrates that neither the interface nor the bulk property of the 
oxide is compromised by the oxygen implant. 

Fig. 7 is a plot of gate voltage (V) versus drain current (A) and illustrates 
the subthreshold characteristics of transistors with gate oxide formed from various 
oxygen implant doses. No degradation in subthreshold swing or excessive leakage v^as 
observed in devices fabricated with the oxygen implant technology of the present 
invention. 

Figs. 8 and 9 are plots of stress current (Aycm^) versus change to 
breakdown (Coul/cm") and illustrate the reliability of the oxides grown by oxygen 
implant as compared with those formed by nitrogen implant. Figs. 8 and 9 show that 
20 A/30 A and 30 A/50 A multiple oxide technologies using oxygen implant yield 
significantly larger Qsothan the nitrogen implant technology. Fig. 10 shows that oxygen 
implanted oxides have even better Qbd than the conventional oxide while nitrogen 
implanted oxides have significantly lower Qbd. The Qbd of each thickness group was 
measured at the same stress currently density. In Fig. 11, oxides with the oxygen implant 
showed smaller drain current degradation after Fowler-Nordheim current stressing. 

In another embodiment of the invention, the process illustrated in Figs. 
ID-IE includes the deposition of a high dielectric constant layer at the silicon substrate 
surface prior to the deposition of the polysilicon gate 1 8. A suitable high dielectric 
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constant layer can be a silicon nitride, zirconium oxide, or hafnium silicate (HfSiO). 
Thereafter, oxygen implantation into the silicon substrate and/or polysilicon gate 
followed by annealing, as in the process of Figs. ID- IF, will grow a very thin (<2 nm) 
silicon oxide with well-controlled thickness. The thin silicon oxide can serve as the 
5 buffer layer or interfacial layer that is critical to the attainment of high carrier mobility 
and low interface defects. In the prior art, the buffer layer is deposited or grown in an 
oxygen gas atmosphere with buffer layer thickness difficult to control. 

While the above is a full description of the specific embodiments, various 
modifications, alternative constructions and equivalents may be used. For example, while 

10 reference is made to "O2" implants, it is understood that the implant is done with an O"^ 
oxygen ion, or other types of oxygen, such as oxygen plasma species, or radicals, or even 
■ oxygen containing compounds, such as OH', might be used to implement the present 
invention. Similarly, although the invention has been described in terms of a silicon 
substrate, it is understood that such a sihcon substrate might be a single-crystal silicon 

15 wafer, a silicon-on-insulator wafer, a silicon-containing substrate, or the like. Therefore, 
the above description and illustrations should not be taken as limiting the scope of the 
present invention, which is defined by the appended claims. 
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1 1 . A method of fonning a multiple-thickness oxide layer on a silicon 

2 substrate, the method comprising; 

3 a) forming a sacrificial oxide layer on the silicon substrate; 

4 b) patterning an implant mask layer on the silicon substrate to expose 

5 a selected first portion of the silicon substrate; 

6 c) implanting oxygen into the selected first portion of the silicon 

7 substrate through the sacrificial oxide layer; 

8 d) stripping the implant mask layer from the silicon substrate; 

9 e) stripping the sacrificial oxide layer; and 

1 0 f) growing an oxide layer on the silicon substrate, the oxide layer 

1 1 having an oxygen-implanted oxide region and a non-implanted oxide region. 

1 2. The method of claim 1 wherein the non-implanted oxide region is 

2 less than about 30 A thick, 

1 3. The method of claim 1 wherein the oxygen is implanted in step (c) 

2 to a concentration of less than about 10^^/cm^. 

1 4. The method of claim 1 wherein the oxygen is implanted in step (c) 

2 to a concentration of between about 5E15-lE16/cm^. 

1 5. A method of forming a multiple-thickness oxide layer on a silicon 

2 substrate, the method comprising: 

3 a) growing a gate oxide layer on a silicon substrate; 

4 b) forming a polysilicon layer on the gate oxide layer; 

5 c) patterning an implant mask layer on the polysilicon layer; 

6 d) implanting oxygen through the polysilicon layer; 

7 e) stripping the implant mask layer from the substrate; and 

8 f) annealing the substrate to form a thicker gate oxide region of the 

9 gate oxide layer, the thicker gate oxide region being oxygen-implanted oxide. 

1 6. The method of claim 5 wherein the gate oxide layer is less than 

2 about 30 A thick immediately after step (a). 
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1 7. A method of forming a multiple-thickness oxide layer on a silicon 

2 substrate, the method comprising: 

3 a) forming a sacrificial oxide layer on the silicon substrate; 

4 b) patterning an implant mask layer on the silicon substrate to expose 

5 a selected first portion of the silicon substrate; 

6 c) implanting oxygen into the selected first portion of the silicon 

7 substrate through the sacrificial oxide layer; 

8 d) stripping the implant mask layer from the silicon substrate; 

9 e) stripping the sacrificial oxide layer; and 

10 f) growing an oxide layer on the silicon substrate, the oxide layer 

1 1 being thicker in the oxygen-implanted oxide region in the selected first portion. 

1 8. The method of claim 7 wherein the oxide thickness varies from 

2 about 30 A to about 50 A. 

1 9. The method of claim 7 wherein step c) includes implanting oxygen 

2 into a second portion of the silicon substate under the implant mask layer, the oxygen 

3 concentration in the second portion being less than the oxygen concentration in the first 

4 portion, and the oxide layer over the first portion being thicker than the oxide layer over 

5 the second portion. 

1 10. The method of claim 9 wherein the oxide thickness varies from 

2 about 30 A to about 50 A. 

1 11. The method of claim 10 wherein the oxygen is implanted in the 

2 first portion to a concentration of about 1x10^^ atoms cm'^ and the oxygen is implanted 

3 in the second portion to a concentration of about 5x10 atoms cm" . 

1 12. The method of claim 1 1 wherein the oxide thickness is about 50 A 

2 over the first portion, about 40 A over the second portion, and about 30 A where oxygen 

3 is not implanted. 

1 13. A method of forming a multiple-thickness oxide layer on a silicon 

2 substrate, the method comprising: 
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3 a) forming a high dielectric contrast dielectric layer on a silicon 

4 substrate; 

5 b) forming a polysilicon layer on the dielectric layer; 

6 c) patterning an implant mask layer on the polysilicon layer; 

7 d) implanting oxygen through the polysilicon layer; 

8 e) stripping the implant mask layer from the substrate; and 

9 0 armealing the substrate to form an interfacial oxide layer under the 
10 dielectric layer. 

1 14. The method of claim 13 wherein the dielectric layer is selected 

2 from the group consisting of silicon nitride, zirconium oxide, and hafiiium silicate. 

1 15. The method of claim 13 wherein the interfacial oxide layer is less 

2 than 2 nm in thickness. 

1 1 6, A semiconductor device having a gate oxide of multiple thickness, 

2 the semiconductor device comprising: 

3 a first gate oxide region having a first thickness, and 

4 a second gate oxide region having a second thickness, the second gate 

5 oxide region being oxygen-implanted oxide, the second thickness being greater than the 

6 first thickness. 

1 17. The semiconductor device of claim 16 wherein the first thickness is 

2 less than about 30 A. 

1 18. The semiconductor device of claim 16 wherein the first thickness is 

2 less than the second thickness by less than about 20 A. 

1 19. The semiconductor device of claim 16 wherein the first gate oxide 

2 region is non-implanted oxide. 

1 20. The semiconductor device of claim 16, wherein the first gate oxide 

2 is oxygen implanted oxide, the implanted oxygen concentration being less than the 

3 implanted oxygen concentration of the second gate oxide region. 
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foreign ^plication{fi) for patent or inventor's certificate listed below and have also identified below any foreign application for patent 
or inventor*8 certificate having a filing date before that of flic application On which priority is claimed. 

Prior Forcl ^ AppUcatlonCs) 



Country 


Application ko. 


Datie of Filing 


Priority Claimed Under 
35 use 119 


PCT 


PCT/US99/28230 


November 29, 1999 


Yes 



% hereby claim the benefit under Title 35, VniXQd States Code § 1 19(e) of any United States provisional appiicat!on(s) listed below: 



Application No. 


Filing Date 


60/110.885 


Docembor4, 1998 



I claim the benefit under Title 35, United States Code, Section 120 of any United States app2ication(s) list^ below and^ insofar as the 
^subject matter of each of the claims of this application is not disclosed in die prior United States application in the manner provided by 
□the first paragraph of Title 35. United States Code* Section 1 12* I acknowledge die duly to disclose material infonnation as defined in 
OTitle 37» Code of Federal Regulations, Section 1.56 which occurred between the filing date of ^e prior application and the national or 
"jPCT international ftllng date of this qspllcation: 



Application No, 


Date of Filing 


Status 


09/449,063 


Novemb^ 24, 1999 


Pending 



PullNAineof 
Inventor 1: 


Cast Name: 
KEVG 


FItstName: 
YA-CiDN 


Middle Name or IniHal; 


Residence & 
Citizemhip: 


City! 

Berlceley 


State/FoTcigit Counny; 
CalifiornSa 


Country of Citizenship: 
United States 


Post Office 
Address: 


PoitOfKceAddtesr 

1«34 MUvift Street, Apartment 1 


City: 

Berkeley 


Californiii 


Pofttal Code: 

94709 


Full Name of 
Inventor 2; 


iONG 


Piret Name; 
TSU-JAE 


Middle Name er Initial: 


Rosid«icc& 
Ci^zcnship: 


City: 

Fremont 


$tatc/Poici$n Country: 
California 


CooAfxy of Citizenship: 
United States 


Post Office 
Address: 


PostOfScs AddresK: 

470 Tumbleweed Court 


City: 

Fremont 


California 


Posts] Code*. 
94539 
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Full Name of 


Last Name: 


FintNune: 


Middle Name or Initial: 


Inventor 3j 


HU 


CHEN MING 






Residetu^e& 


aty: 


Sute/Fom^gn Country: 


Country of Citizenship: 


Citizenship: 


Alamo 


California 


United States 




Post Office 


Post Ofilco Address: 




Scate/Countxy: 


Postal Code: 


Address: 


20fiO Pebble Drive 


Alamo 


California 


94507 



£ ftoher deolaie that all statemeats made herein of my own knowledge are true and that all statements made on infbrmation and belief 
are believed to be true; and further that these stat^ents were made with the knowledge that willfiil &lse statements and the like so 
made are punishable by fin© or imprisonment^ or both, under Section 1001 of Title 1 8 of the United States Code, and that such willfUl 
false statements may jeopardize the validity of the s^plication or any patent issuing thereon. 



Signature of Inventor 1 



Ya-ChinKing 
Date 



Signature of Inventor 7. 



Tsu-Jae King 
Date 



Signature of Invsntor 3 



Chen Mmg 



Date 



iA 31^3802 v1 



2 of 2 



Attorney Docket No.: 01 5057-09 1620US 
Client Reference No.: B99-016-2 



DECLARATION 



As a below named inventor, I declare that: 



My residence, post office address and citizenship are as stated below next to my name; I believe I am the original, first and sole 
inventor (if only one name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject 
matter which is claimed and for which a patent is sought on the invention entitled: MULTIPLE-THICKNESS GATE OXIDE 

FORMED BY OXYGEN IMPLANTATION the specification of which is attached hereto or JL. was filed on June 4, 2001 as 

Application No. 09/857,453, which is the U.S. national phase of PCT/US99/28230 filed on November 29, 1999 and was amended on 
(if applicable). 

I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, 
Code of Federal Regulations, Section 1.56. I claim foreign priority benefits under Title 35, United States Code, Section 119 of any 
foreign application(s) for patent or mventor's certificate listed below and have also identified below any foreign application for patent 
or inventor's certificate having a filing date before that of the appHcation on which priority is claimed. 



Prior Foreig n Application(s) 



Coimtry 


Application No. 


Date of Filing 


Priority Claimed Under 
35 use 119 


PCT 


PCT/US99/28230 


November 29, 1999 


Yes 



H hereby claim the benefit under Title 35, United States Code § 1 19(e) of any United States provisional application(s) listed below: 



Application No. 


Filing Date 


60/110,885 


December 4, 1998 



^ claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, insofar as the 
Subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by 
;i!he first paragraph of Title 35, United States Code, Section 1 12, 1 acknowledge the duty to disclose material information as defined in 
yritle 37, Code of Federal Regulations, Section 1.56 which occurred between the filing date of the prior application and the national or 
L|>CT international filing date of this application: 



Application No. 


Date of Filing 


Status 


09/449,063 


November 24, 1999 


Pending 



Full Name of 


Last Name: 


First Name: 


Middle Name or Initial: 


Inventor 1 : 


KING 


YA-CHIN 






Residence & 


City: 


State/Foreign Country: 


Country of Citizenship: 


Citizenship: 


Berkeley 


California 


United States 




Post Office 


Post Office Address: 


City: 


State/Country: 


Postal Code: 


Address: 


1634 MiMa Street, Apartment 1 


Berkeley 


California 


94709 


Full Name of 


Last Name: 


First Name: 


Middle Name or Initial: 


Inventor 2: 


KING 


TSU-JAE 






Residence & 


City: 


State/Foreign Country: 


Country of Citizenship: 


Citizenship: 


Fremont 


California 


United States 




Post Office 


Post Office Address: 


City: 


State/Country: 


Postal Code: 


Address: 


470 Tumbleweed Court 


Fremont 


California 


94539 



lof2 



Attorney Docket No.: 015057-091620US 
Client Reference No. : B99-0 1 6-2 



run Name oi 


Last Name: 


First Name: 


Middle Name or Initial: 


Inventor 3: 


HU 


CHEN MING 






Residence & 


City: 


State/Foreign Country: 


Country of Citizenship: 


Citizenship: 


Alamo 


California 


United States 




Post Office 


Post Office Address: 


City: 


State/Country: 


Postal Code: 


Address: 


2060 Pebble Drive 


Alamo 


California 


94507 



I further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application or any patent issuing thereon. 



Signature of Inventor 1 



Ya-Chi n K ing 
JDate 



Signature of Inventor 2 



Tsu-Jae King 



Date Avf^dii ZO, 2M0\ 



Signature of Inventor 3 



ChenMing^^ 
Date 
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DECLARATION 



As a below named inventor, I declare that; 



My residence, post office address and citizenship are as stated below next to my name; I believe I am the original, first and sole 
inventor (if only one nam© is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject 
matter which is claimed and for which a patent is sought on the invention entitled: MULTIPLE-THICKNESS GATE OXIDE 

FORMED BY OXYGEN IMPLANTATION the specification of which is attached hereto or JL was filed on June 4, 2001 as 

Application No. 09/857,453, which is the U.S. national phase of PCT/US99/28230 filed on November 29, 1999 and was amended on 
(if applicable). 

I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, 
Code of Federal Regulations, Section I claim foreign priority benefits under Title 35, United States Code, Section 1 19 of any 
foreign application(s) for patent or mventor's certificate listed below and have also identified below any foreign sqjplication for patent 
or inventor's certificate having a filing date before that of the application on which priority is claimed. 



Prior Forcie n Apialic&tionCs) 



Country 


Application No. 


DateofFihng 


Priority Claimed Under 
35 use 119 


PCT 


PCT/US99/28230 


November 29, 1999 


Yes 



thereby claim the benefit under Title 35, United States Code § 1 19(e) of any United States provisional appUcation(s) listed below: 



Application No. 


Filing Date 


60/110,885 


December 4, 1998 



illaim ±c bcnefiit under Title 35, United States Code, Section 120 of any United States applicatiQn(s) listed below and, insofar as the 
libject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by 
& first paragraph of Title 35, United States Code, Section 1 12, 1 acknowledge the duty to disclose material information as defined in 
ptle 37, Code of Federal Regulations, Section 1.56 which occurred between the filing date of the prior application and the national or 
iCT international filing date of this application: 



Application No. 


Date of Filina 


Status 


09/449,063 


November 24, 1999 


Pending 



FuUNameof ""^ 
Inventor 1: 


KING I ^ 


First Namo: 
YA-CmN 


Middle Name or Ini tial: 


Residence & 
Citi;jenship: 


City: ^ 
Berkeley ( i ^^/f 


State/Foreign Country: 
California 


Country of Citizenship: 
United States 


Post Office 
Address; 


?ost Oflioe Address: 

1634 Milvia Street, Apartment 1 


City; 

Berkeley 


State/Country: 
California 


Postal Code: 
94709 


Full Name of 
Inventor 2: 


Last Name: --^ J/l ) 
JKING ^ ^ 


First Name: 


Middle Name or Initialr 


Residence & 
Citizenship: 


Fremont 


State/Foreign Country: 
CaHfornta 


Coxmtry of Citiaenship: 
United States 


Post Office 
Address: 


Post OfTiCft Address: 

470 Tumbleweed Court 


City: 

Fremont 


Statc/Countiy: 
California 


Poaial Code: 
94539 
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Full Name of 
Inventors*. 


Lafit Name: — ^ 

BSL r\ iA 


PjRtName; 


Middle Name or Initial: 


Residence & 
Citizenship: 




State/Foreign Countty: 
California 


Counoy of Citizenship: 
United States 


Post Oflice 
Address; 


Post Office Address: 

2060 Pebble Drive 


Alamo 


Stffce/Couiitry; 
California 


Postal Code: 
94507 



I fiarther declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willfiil false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willfiil 
false statements may jeopardize the validity of the application or any patent issuing thereon. 



Signature of Inventor 1 


Signature of Inventor 2 


Signature of Inventor 3 


. Ya-Gliin Kinf- ^ - " " " .^J 


Tsu-JaeKirg. 


Ch^TMinj Hu 


Ifite S/^^/zool 


Date 


Date 
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